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Introduction

Abstract

"MASS" (Micro-arcsecond Astrometry Small Satellite) is an
astrophysics mission designed to produce the first survey of
the habitable zone (HZ) planets in the nearby stellar
neighborhood. MASS is based on differential astrometry
(angle measurements) of a target star relative to a Apparent Brightness of Star
background of reference stars.

A Transit method can NOT detect non-

While both radial-velocity and transit techniques have been transit planet

successful at finding planets more generally, they have been : N . ,
ineffective at reaching Earth-mass planets in the HZ of nearby i ig/trrgﬁfztord vr\rl1|etrlmold (wgbile\:l))\?vﬁl doe?Z::f: Wit g
Sun-like stars due to the inherent constraints of these y

both non-transit/transit, and enhance

methods. Our astrometric approach overcomes these o
planet mass estimation

limitations.

This mission idea is based on the key focal plane calibration
technique previously demonstrated in our laboratory using
80x80 pixel camera. The new MASS mission concept requires
a large size CMOS detector (~150Mpx) calibration to achieve .
the micro-arcsecond level accuracy.

.
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Introduction

A KEPLER and TESS
A Will not search an Earth like planet
around G stars in 1 year orbit
A Not astrometry mission (transit
methods)

A MASS will be the First Astrometry mission,
designed to search for Earth like planets
around nearby 20 FGK stars

A 1AU, 1-3 Earth Masses

A Thousands of observations / three year

A Achieve 2 orders of magnitude
improvement in astrometric precision
over ESAG6s Gai a mi
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http:// www.pnas.orgcgi doi/10.1073/pnas.1304196111
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Differential Astrometry
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A MASS is a targeted-astrometry mission. It will measure the
position of a target star relative to ~100 reference stars in the
same field. This is frel aGadad e
Aabsol uted astrometry.

Solar wobble example

A MASS will not measure the absolute position of the target star
at the nas-level but rather measure the motion of the target
star at the nas-level.
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MASS Overview

A Goal is ~4uas (1hr) astrometric

preCI sion HP | Name Depth, [ V | Spect. |Dist., |signature| Ref |hours to|cumul
ME | mag | Type | pc pas Stars | SNE=6 | hours

71683 wCenA 1 00 G2V 13 242 128 39 5

) _ 71681 «CenB 1 14 KIV 13 171 128 121 180

A Search for Earth mass planets A A commercial, 35 cm aperture, SiC 2001 BHyi 1 28 GAV 75 055 105 957 1136
corrected RC telescope 3821 nCas 1 35 GOV 60 053 488 1530 2667

Around ~20 nearest FGK stars A 6 pas accuracy over 30 min observation 77952 PTrA 1 28 FIV 123 044 999 1511 4178

\ librati | h 99240 6Pav 2 3.6 GSIV 61 099 119 444 4622

Detector calibration pre-launc 22449 m30d 2 32 F6V 80 098 139 543 5164

. 27072 yLep 2 36 F6V 90 084 127 602 5766

five of 1M and ~twelve of 2M 746 BCas 2 23 F2IM 167 087 372 703 6469

; ; ; 96100 oDra 2 47 KOV 58 079 133 1236 7705

Planets in the mid Habitable 14632 1Per 2 41 GOV 105 069 231 1377 9081
Zone 12777 8Per 2 41 F8V 112 067 328 1591 10673
19840 40Ed 2 44 KIV S0 089 77 1652 12325
105858 yPav 2 42 F9V 92 072 94 1701 14026
A . . 8102 tCei 2 35 G8V 36 131 28 1715 15741
Low cost mission taking 108870 sInd 2 47 K5V 36 096 65 1950 17691
1599 C{Tuc 3 42 GOV 86 110 68 1238 18929
advantages of low cost 78072 ySer 3 3.9 F6V 1Ll 107 62 1340 20269
; ; 57757 BVE 3 3.6 FOV 109 114 41 1453 2172
commercial spacecrafS|C I NIAZGOQa /2yqQ6e3d 61VE 3 47 GV 85 097 121 1661 23383
telescope 15510 eEd 3 43 G6V 61 128 51 1961 25344
P A 2x 200w solar panels 64394 BCom 3 42 GOV 92 106 31 3419 28763

A 110 kg total mass
A ESPA-Grande compatible
A Propulsion for station-keeping
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MASS Error budget and key calibration requirement

Target Star i Cas Astrometric Signature Observations Needed End of Mission Error
Visual Magnitude  3.46 mag n Cas @ 1.0ME To Reach SNR hrs after REQ Integration Time
1 ME signature  0.53 was V=3.5, GOV, 6.0 pc REQ 4138 obs 2000 REQ 0.09 uas
Reference Stars  9-15 mag 0.53 uas CBE 3255 obs 1573 CBE  0.08 uas
Tel Diam. 35 cm
FOV diam  0.51 deg Regquired SNR Performance Margin
Wavelength 575 nm for 1% FAP 6.0 in observations
Bandwidth 250 nm Single Observation 21 %
Dithers/obs. 60 dithers Integration Time Differential Astrometry
PSF sampling  0.51 lom/D 1 obs. 29 min REQ  5.66 uas 1obs _ signal source:  SPI
Integ. time /obs. 29 min CBE 5.02 uas 1 obs uas = pas Ref. Star Count Basis: GAIA DR2 R15
\
I [ | [ \
Pointing Jitter Photon & Detector Noise Focal Plane Errors Field Distortion Errors Astrophysical Errors
Line of sight jitter Differential Astrometry Pixel Location Knowledge Telescope and OTA ref and target
REQ 2.50 uas REQ 3.11 uas REQ 3.14 uas REQ 2.12 uas REQ 1.30 uas
CBE 1.75 uas CBE 2.97 uas CBE 2.97 uas CBE 1.98 uas CBE 0.73 uas
Target Star Pixel Cal. & Centroiding 1 Field Distortion Calibration Target Star Astrphys. Noise
Photon & Detector Noise Ground calibration of FPA Error after on-sky Cal. brightness centroid motion
REQ 2.20 uas REQ 2.89 uas J REQ 2.00 uas REQ 0.51 uas
CBE  2.15 uas CBE  2.81 uas CBE 1.91 uas CBE  0.13 uas
Reference Stars Detector Thermal Change \ Telescope Thermal Change Ref. Star Astrophys. Noise
Photon & Detector noise since focal plane metrology since FD calibration spectral chg. x chromaticity
REQ 2.20 uas REQ 1.22 uas REQ 0.70 uas REQ 1.20 uas
CBE  2.05 uas CBE 0.95 uas CBE  0.50 uas CBE  0.72 uas

A Pixel irregularities of the detector have
to be calibrated to one part in 10,000.

A Laser interferometer fringes are used to
calibrate pixel positions.
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R&TD objectives

(1) To design conceptually the MASS instrument on Small Satellite

(2) To study the science capabilities/error budget for the MASS and
perform simulation of its expected science impact

(3) To demonstrate the key laser pixel metrology calibration technique
using a large state-of-the-art 150Mpix sCMOS detector
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Laser interferometer metrology for calibration

metrology
metrology light
laser * Pol. Adj. i; N Wk AL cco
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Figure 3. Laser metrology for calibrating irregularities in pixel locations.

Flat field response, q Irreg: in pixel location, AX__ (pixel)

Irregularity in pixel locations, A Y, _ (pixel)
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SESIERIIER RS0 Distance between stars A and B (mean removed) vs CCD displacement
0.25 daacicer : . : ; :
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(Left) An astrometric test measures the consistency of inter-star distances on the focal plane as the line of
sight is changed. (Right) Results of an astrometric test: centroid distance between pseudo-stars A and B in
row and column directions, with mean removed, versus the displacement of the CCD.
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Large detector calibration

Sony IMX411

~150Mpix, 3.76 &n,
backside illuminated,
f HSL NBFIR y2A4S

Glass window is removed




